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Abstract 
Objectives: The aim of this study was to determine the microtensile bond strength to root dentin of AH Plus™ and 
EndoREZ® with Clearfil Liner Bond 2V and Optibond Solo™ Plus adhesive systems.
Study Design: The coronal and middle thirds of six single rooted bovine teeth was split longitudinally in a mesio-
distal direction. The two halves were joined with AH Plus or EndoREZ, with and without the use of Clearfil Li-
ner Bond 2V and Optibond Solo™ Plus adhesive systems. Build-ups were vertically sectioned into quadrangular 
(≈1mmx1mm) compound bars and subjected to tensile tests at a constant crosshead speed (1 mm/min) until debon-
ding. 
Results: Optibond® Solo Plus™ in combination with AH Plus™ and EndoREZ® showed the highest mean micro-
tensile bond strength values, in both coronal and middle thirds. The lowest results were seen in the groups where no 
dentine adhesive was applied, and in those where the self-etching adhesive Clearfil Liner Bond 2V was used. 
Conclusions: The microtensile bond strength to root dentin of AH Plus™ and EndoREZ may be increased with the 
use of a total-etch adhesive.
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Introduction
Adhesion of endodontic sealers to root dentin walls is 
an important factor in providing a complete seal along 
the root canal system. The bond strength of endodontic 
sealers varies, depending on their chemical composition 
(1). Although the values seen with all the groups of endo-
dontic sealers are generally low, the ones based on resins 
have demonstrated greater bond strength to dentin (2). 
Likewise, smear layer removal is known to improve the 
adaptation of filling materials to the root canal, thereby 
increasing the bond strength of resin-based endodontic 
sealers to root dentin (3-6).
The use of dentine bonding agents (7-9) in root canal 
filling was introduced to enhance the endodontic resin-
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#600 grit silicon carbide paper discs [WS 18-B, Struers, 
Ballerup, Denmark].
The external surfaces of the roots were ground using a 
150-grit silicon carbide paper in order to create a rough 
surface, then they were etched with 37% phosphoric 
acid gel for 30s [Ivoclar Vivadent, Schaan, Liechtens-
tein], conditioned with SoloBond M adhesive [VOCO 
GmbH, Cuxhaven, Germany] following manufacturer´s 
instruction and covered with 3 layers of Synergy® Duo 
Shade composite [Coltène/Whaledent, Cuyahoga Falls, 
OH, USA] until forming a rectangular block 1cm high. 
Each layer was polymerized for 45 seconds with a Astra-
lis 10 lamp at 700 mW/cm2 [Ivoclar Vivadent, Schaan, 
Liechtenstein] and the external surface of the blocks was 
polished with a 220-grit silicon carbide paper discs.
- Dentin treatment and bonding procedures
Two blocks of a single root [n=6] were adhered to each 
other to obtain the bars specimens [n=219] as shown in 
table 1. The dentine adhesives Optibond Solo™ Plus 
[Kerr Corporation, Orange, CA, USA] and Clearfil Liner 
Bond 2V [Kuraray Europe GMBH, Frankfurt, Germany] 
were applied following manufacturer’s instructions. 
Smear layer was removed with gel phosphoric acid at 
37% [Total Etch®, Ivoclar Vivadent.Schaan, Liechtens-
tein] for 15s washed for 10s and wet-dried with air in 
the no adhesive and Optibond Solo™ Plus groups. AH-
Plus™ [Dentsply DeTrey, Konstanz, Germany] and En-
doREZ® [Ultradent Products, South Jordan, UT, USA] 
were applied in each half following manufacturer´s ins-
tructions. After applying an established amount of the 
endodontic sealer, the two halves were put together and 
a pressure of one kilogram was applied in order to obtain 
a thin layer of the sealer cement. Then the specimens 
were stored at 37ºC for 72 hours in order to allow the 
setting of the sealers.
The build-ups were vertically sectioned into quadran-
gular [≈1mmx1mm] compound bars with a hard tissue 
microtome Accutom-50 [Struers, Ballerup, Denmark]. 
The tops and bottoms of the bars were made up of den-
tine and the middle was sealer. These bars were glued 
using cyanoacrylate adhesive gel [Henkel Adhesivos, 
Barcelona, Spain] to a probe and submitted to failure in 
based sealers adhesion to the root dentin. The newer 
endodontic methacrylate resin-based sealers [RealSeal, 
Epiphany] use a separate self-etching primer before 
application of flowable composites to the primed dentin 
(10); or else consist of a single product (11) the self-
adhesive methacrylate sealer, incorporating a self-et-
ching primer and a moderately filled flowable composite 
[MetaSEAL; RealSeal SE, Epiphany SE]. However, the 
bond strength of these sealers is reportedly not superior 
to that found with epoxy resin endodontic sealers (12). 
Some studies have shown that the microleakage is re-
duced when total etching and self-etching adhesive sys-
tems are used (13,8) and a greater adhesive strength to 
root dentin of both an epoxy resin sealer [AH26] and a 
dimethacrylate sealer [EndoREZ®] (14,15).
The aim of this study was to assess the microtensile 
bond strength to bovine root dentine of AH Plus™ and 
EndoREZ® resin-based sealer cements, with two bond-
ing strategies, self-etching and total-etch adhesive sys-
tems. The null hypotheses tested were: (1) resin-based 
sealer cements, AH Plus™ and EndoREZ®, have not 
differences in the microtensile bond strength to root bo-
vine dentin (2) the use of a self-etching, Clearfil Liner 
Bond 2V or a total-etch, Optibond Solo™ Plus, adhesive 
systems increased the microtensile bond strength to root 
dentin in both sealer cements.
Material and Methods 
Six bovine incisors with no signs of structural anomalies 
were selected after careful visual inspection and stored 
in 0.2% thymol at 37ºC. Before use, they were cleaned 
with ultrasonic scalers and washed several times in wa-
ter.
- Specimen preparation
The crowns were cut off perpendicular to the long axis 
at 1mm above the cementum-enamel junction and their 
apices were sectioned at 4mm with a low-speed dia-
mond disk saw [Struers A/S, Ballerup, Denmark] under 
running water. The remaining section of the roots was 
split longitudinally in a mesio-distal direction with the 
diamond disk saw. The portions of the root surface whe-
re the canal had been located were ground flat against 
Table 1. Study groups.
Groups Etching Adhesives Sealers
I 37% Phosphoric Optibond® Solo Plus™ Dual Cure AH Plus™
II -- Clearfil™ Liner Bond 2V AH Plus™
III 37% Phosphoric No AH Plus™
IV 37% Phosphoric Optibond® Solo Plus™ Dual Cure EndoREZ®
V -- Clearfil™ Liner Bond 2V EndoREZ®
VI 37% Phosphoric No EndoREZ®
Batch number of Optibond® Solo Plus™ Dual Cure: BN: 304198, BN Activator: 304A13.
Batch number of Clearfil™ Liner Bond 2V: BN Primer A: 00110B, BN Primer B: 00109C, 
BN Bond A: 001826, BN Bond B: 00034C.
Batch number of AH Plus™: BN: 0508000866.
Batch number of EndoREZ®: BN:5NT8.
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tension using a universal testing machine [Ibertex Elec-
trotest 500, Madrid, Spain] at constant crosshead speed 
[1 mm/min] until debonding. A digital calliper with an 
accuracy of 0.001 mm [Mitutoyo Corporation, Aurora, 
IL, USA] was used to measure the sides of the bonding 
interface and calculate the bonding area in mm2. Micro-
tensile bond strength [µTBS] data were expressed in 
MPa. Pre-testing failure during section, manipulation or 
fixation processes were not counted. Fractured surfaces 
were inspected [40X magnification] in a stereo micros-
cope [Olympus SZ60, Barcelona, Spain] to determine 
the mode of failure. Fractures were classified as adhesi-
ve, cohesive or mixed. 
- Statistical analysis
First, a full-factorial regression model was used to as-
sess the significance of the interaction between the three 
factors considered in this study [type of cement sealer, 
adhesive and root third].The Kolmogorov-Smirnov test 
was used to check the normality of data distribution. Be-
cause the results for each group did not follow a normal 
distribution, the variables were analysed using a non-pa-
rametric test. Pairwise comparisons of the microtensile 
bond strength means for the groups were analyzed using 
the Mann-Whitney U-test, and the Kruskal-Wallis test 
was used for global comparisons. The level of statisti-
cal significance was set at P<.05. The failure mode was 
analyzed using the Pearson χ² test.
Results
The full-factorial regression model of the influence of 
the type of cement sealer [AH Plus™ and EndoREZ®], 
adhesive [no adhesive, Optibond Solo™ Plus and Clear-
fil Liner Bond 2V] and root third [coronal and middle] 
did not reveal any statistically significant interaction 
between the three factors [p=0.477]. Only the adhesive 
factor was significant in the regression model [p<0,001]; 
its effect on the microtensile bond strength is shown in 
table 2 along with the mean microtensile bond strength 
values.
The use of Optibond Solo™ Plus with AH Plus™ gave 
the highest mean microtensile bond strength values in 
both coronal [7.53±5.40] and middle thirds [8.45±3.75]. 
Similarly, Optibond Solo™ Plus attained the best re-
sults when used in conjunction with EndoREZ®, both 
in the coronal third [6.15±4.03] and in the middle third 
[5.70±4.14]. The lowest results were seen in the groups 
where no dentine adhesive was applied, and in those 
where the self-etching adhesive Clearfil Liner Bond 2V 
was used.
With AH Plus™, the results of the Optibond Solo™ Plus 
differed significantly from those of the group without ad-
hesive [p=0.033], and the Clearfil Liner Bond 2V group 
[p=0.018], in the coronal third. Significant differences 
were also found for the middle third when comparing 
the group without adhesives and Optibond Solo™ Plus 
samples [p=0.004], and between Optibond Solo™ Plus 
and Clearfil Liner Bond 2V [p<0.001]. Comparison of 
the results between thirds showed that only Clearfil Lin-
er Bond 2V gave statistically significant differences in 
the results obtained in the coronal third as opposed to the 
middle third [p=0.002].
In the groups where the sealer EndoREZ® was used, sig-
nificant differences were found when Optibond Solo™ 
Plus was compared to Clearfil Liner Bond 2V, in both the 
coronal third [p=0.003], and the middle third [p=0.006]. 
Comparison between thirds gave no significant differ-
ences in any category of adhesives.
When the results obtained with AH Plus™ cement sealer 
Table 2. Comparison of the microtensile bond strength means among groups and regional influence for 
AH Plus versus EndoREZ.
Adhesive No 
adhesive
Optibond 
Solo™ Plus 
Dual Cure
Clearfil™ 
SE Bond
AH Plus™ Coronal bars nº 12 28 24
(χ±sd) 3.91±3.02a 7.53±5.40a,b 4.11±1.85b,1
Middle bars nº 8 20 16
(χ±sd) 2.83±3.20a 8.45±3.75a,b 2.09±1.63b,1
EndoREZ® Coronal bars nº 6 30 17
(χ±sd) 4.20±3.16 6.15±4.03a 3.00±2.30a
Middle bars nº 12 30 16
(χ±sd) 4.35±2.99 5.70±4.14a 2.88±1.17a
AH Plus™ vs 
Endorez® (p 
value)
Coronal 0.778 0.304 0.054
Middle 0.244 0.012 0.192
In the full-factorial regression model, p value was 0.477 (for adhesive x type of cement sealer x root 
third). Just the factor “adhesive” showed significant in the model (p<0,001).
χ: mean. sd: standard deviation.
Read vertically, the same superscript letters indicate presence of significant differences between coro-
nal and middle third for the same sealer cement.
Read horizontally, the same superscript numbers indicate presence of significant differences among 
adhesives for the same sealer cement.
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were compared to EndoREZ®, no significant differences 
were found between coronal and middle thirds in any 
adhesive category, except when Optibond Solo™ Plus 
was used in the middle third [p=0.012].
The failure modes are shown in table 3. The most com-
mon failure mode was mixed in coronal dentin, with 
both AH Plus™ and EndoREZ®; however there were 
statistically significant differences between the modes of 
failure [p<0.001]. In middle third, all modes of failures 
were mixed [p=1.000].
Discussion
Dentine bonding agents have been used before filling 
root canals in attempts to bond the root dentin to reduce 
apical and coronal leakage (7,8). In the present study, the 
microtensile bond strength to root dentin of AH Plus™ 
and EndoREZ® resin-based sealers, with or without use 
of Clearfil Liner Bond 2V and Optibond Solo™ Plus 
dentine adhesive systems, was tested on bovine teeth 
(16).
Although various methods have been used to measure 
the adhesión of endodontic sealers, including tensile 
strength tests, shear testing, microshear bond testing, mi-
crotensile bond strength and push-out tests, none of these 
have been generally accepted as a standard method for 
measurement. We chose µTBS technique for this study 
of adhesion because we can obtain many bars from a sin-
gle tooth. In the Bolaños et al. study (17) eight to twelve 
1 mm2 dentin/adhesive bars were obtained from each 
primary molar and only 4 (18) or 3 (19) slices trimmed 
into an hourglass shape were obtained from each human 
root specimen. We have obtained a much larger number 
of bars [even 60 bars when used Optibonb Solo Plus and 
EndoREZ®] because we used bovine roots split longitu-
dinally in a mesio-distal direction. A major drawback of 
the µTBS technique is premature failure during speci-
men cutting (20). For that reason in the groups where 
we used etching adhesive we got many more bars than 
in the control group [18 with EndoREZ®]. µTBS [trim-
ming and non-trimming] does not take account of the 
stress generated in 3-D cavities, leading to an overesti-
mation of outcomes (21) so in our methodology we have 
considered the negative influence of the geometry of the 
cavity since we have reproduced the double adhesive 
interfaces because two halves of a single root were ad-
hered to each other and we think that for this reason our 
results are lower.
It is know that the adhesión of methacrylate resin-based 
sealers to the root dentine was increased in the absence 
of smear layer (4,6) EDTA is usually recommended as 
the final rinse to remove the smear layer and this way 
reduce leakage and improve the seal of filled root canals 
(22). Eldeniz et al. (4) have informed that shear bond 
strength values of Diaket, AH Plus™ and EndoREZ® 
was increased in the absence of smear layer, where AH 
Plus™ showed the highest values of adhesion to den-
tine. These authors attribute their results to EndoREZ® 
cohesive force is less than its adhesive strength. Endo-
REZ® is very effective in penetrating dentinal tubules 
and adapting closely to the canal walls the creation of 
long, unbonded resin tags alone (23). Exclusive adhe-
sive failures were observed when EndoREZ® was used 
where the most of these tubules were empty because of 
pulling of the sealer resin tags out of the tubular orifices 
without the adhesive. The other hand, the adjunctive use 
of the self-etch adhesive with EndoREZ® resulted in hig-
her tensile bond strengths, with fractures within hybrid 
layers and sealer tags (15). In our study, when dentine 
adhesive systems were not used, EndoREZ® showed 
slightly higher microtensile bond strength, although wi-
thout significant differences with respect to AH Plus™. 
Therefore, the first null hypothesis can be accepted.
Effective bonding in the root canal environment remains 
a challenge and currently two adhesives strategies are 
commonly used [self-etch and total etch self-cure ad-
hesives] (5,14). In this work we not found differences 
between the values obtained without adhesive or with 
the use of a self-etch adhesive, in return with the use 
Table 3. Mode of failure [n(%)].
Adhesive No 
adhesive
Optibond 
Solo™ Plus 
Dual Cure
Clearfil™ SE 
Bond
AH Plus™ Coronal Cohesive 0 (0.0) 0 (0.0) 0 (0.0)
Adhesive 3 (25.0) 0 (0.0) 0 (0.0)
Mixed 9 (75.0) 28 (100.0) 24 (100.0)
Middle Cohesive 0 (0.0) 0 (0.0) 0 (0.0)
Adhesive 0 (0.0) 0 (0.0) 0 (0.0)
Mixed 8 (100.0) 20 (100.0) 16 (1000.0)
EndoREZ® Coronal Cohesive 2 (33.0) 0 (0.0) 0 (0.0)
Adhesive 0 (0.0) 0 (0.0) 0 (0.0)
Mixed 4 (66.7) 30 (100.0) 17 (100.0)
Middle Cohesive 0 (0.0) 0 (0.0) 0 (0.0)
Adhesive 0 (0.0) 0 (0.0) 0 (0.0)
Mixed 12 (100.0) 30 (100.0) 16 (100.0)
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of a total-etch adhesive the results were statistically 
higher. With the use of phosphoric acid the smear layer 
was completely dissolved and the exposed dentine was 
partially demineralized, so removing endodontic smear 
layer is an important step for effective increased bon-
ding of methacrylate resin-based sealants to the radicu-
lar dentin (6,7).
In our study, the use of Optibond Solo™ Plus was seen to 
increase the µTBS of AH Plus™ and EndoREZ® to root 
dentine. The lowest values were obtained with Clearfil 
Liner bond 2V combined with the two resin-based seal-
ers. Doyle et al. (14) and Gogos et al. (5) obtained the 
best results with the use of the self-etching system to 
bond EndoREZ® and AH-26 sealers respectively to root 
canal dentin. In contrast, we have found greater bond 
strength for an epoxy-resin sealer, AH Plus™, when the 
Optibond Solo™ Plus adhesive was used, as opposed to 
its use as the only filling material and lower bond strength 
was observed with the self-etching adhesive Clearfil 
Liner Bond 2V when compared with Optibond Solo™ 
Plus, for both cement sealers. This may be because the 
self-etching adhesive systems reduce the efficacy of 
the chemical polymerization of the resin-based sealers 
(24,25) facilitating the diffusion of moisture from the 
dentine and the creation of water bubbles in the dentine-
sealer interface, thus reducing the bond strength (26). 
Moreover, as Doyle et al. (14) claim, a mild self-etching 
adhesive [Clearfil Liner Bond 2V] placed on smear lay-
er-covered dentine was not able to etch through thick 
dentine smear layer and bond to the underlying intact 
dentine. The primer ionization or solvent evaporation of 
the self-etching adhesives could affect the mechanical 
properties of the interface and play an important role in 
the final bonding to dentine (27).
Regarding the influence of the root area, Giannini et al. 
(15) studied the influence of tubular density on bond 
strength in different levels of the coronal dentin of two 
adhesive systems: Clearfil Liner Bond 2V and Prime & 
Bond 2.1. Their results showed that self-etching adhe-
sive system was less influenced by the depth of dentine 
and tubular density than a total-etch adhesive. Foxton et 
al. (28) studied the adhesion to root coronal and apical 
dentine using one and two step adhesives. The strength 
of adhesion obtained was not dependent on the density 
of dentinal tubules. As Foxton et al. (28) we found no 
significant differences between the coronal and middle 
thirds in all groups when EndoREZ® sealer was used. 
However, AH Plus™ showed significant differences 
with Clearfil Liner Bond 2V, where the bond strength to 
dentine was higher in the coronal third that in the middle 
third.
The stronger bond strength obtained with the total etch-
ing system Optibond Solo™ Plus, in conjunction with 
both sealers, is most likely related with the formation 
of a wide resin-dentine interdiffusion zone, involved in 
the micromechanical interlocking of the adhesive ma-
terials and the etched root dentine (29). Resin-dentine 
hybridization at the surface of resin tags penetrating in 
many directions may contribute to a firmer bonding (1). 
In this context, total-etch adhesion has been shown to 
be stronger than self-etching adhesion, thus, the second 
null hypothesis had to be rejected.
The main objective of endodontic sealers is to get a total 
sealing but the polymerization shrinkage of methacry-
late resin–based sealers inside long narrow canals, due 
to high cavity configuration factor (30) [C-factor], can 
disrupt the close initial contact between the sealer and 
the surrounding dentin and create a gaps where micro-
organisms can penetrate and grow as a biofilm (22). Al-
though it has been reported low tensile bond strengths of 
methacrylate resin–based sealers to radicular dentin (20) 
the use of self-etching dentine bonding agents signifi-
cantly reduced the apical microleakage of AH-26 sealer 
into root canal (8) and the total-etch technique may re-
sult in a higher bond strength in both pulp chamber and 
root canal dentin (18). We think that the use of a dual-
cured total-etch adhesive could reduce the formation of 
gaps along of the sealer-dentin interface and create a 
hybrid layer with higher tensile bond strength to dentin. 
The stress can be released due that the filling materials 
behaving as elastomers and they can dissipate the stress 
polymerization instead of transmitting stresses to inter-
face.
Under the conditions of this study, the use of a total-
etch adhesive, Optibond Solo™ Plus, effectively increa-
sed the bonding strength of the sealers AH Plus™ and 
EndoREZ® to root dentin. The use of the self-etching 
Clearfil Liner Bond 2V adhesive did not improve the 
microtensile bond strength of both endodontic sealers. 
There was no significant differences in μTBS of a self-
etching adhesive [Clearfil Liner Bond 2V] and no adhe-
sive groups.
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